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PREFACE 
This rep"rt is my individual project for the City and Guilds of London 
Institute Diplorna in Advanced Concrete Technology, 1976. 
The subject is FERROCEMENT, its composition, structure and pro-
perties and the report is the result of a literature study. To secure 
the literature, I have been in connection with libraries from other 
countries than Denmark. Some experiments have been made in the 
laboratories in Wexham Springs and Fulmer Granges. I extend my 
sincere thanks to Mr. Barton and other members of the staff for 
their assistance with the practice. I also wish to convey my warm 
gratitude to my supervisor, Mr. Alistair Gardner. The report is 
written by Miss Tove Jensen and the drawings are made by Mrs. 
Ingrid Christensen, to whom I send my sincere thanks for perfect 
w ork. 
Jens Kr. Jehrbo Jensen 
SUMMARY 
FERROCEMENT is not a new material. In 1850 Jean Louis Lambot 
took out a patent on FERCIMENT, and in 1930's Pier Luigi Nervi 
created FERROCEMENT. 
2 
In this report the structure (meshes, rods and mortar) and composi-
tion (diameter and widths of meshes and rods, water/cement ratio, 
aggregat e/ cement ratio) are described. The mechanical properties 
(tension, compression, bending, impact, fatigue and dynamic beha-
viour) are detailed treated. The problems about permeability, 
freezing/thawing and corrosion are mentioned. Some new experiments 
are deseribed in connection with the practical manufacturing of 
FERROCEMENT. Fields of applications are commented. 
INTRODUCTION 
FERROCEMENT is a building material, where the components are 
cement, fine aggregate and a reinforcement, consisting of one or 
more layers of woven or welded, square or hexagonal meshes uni-
formly distributed over the whole cross section. Mesh-reinforced 
concrete was introduced for the first time by Jean Louis Lambot, 
who in 1850 took out a patent on FERCIMENT, and he built boats, 
which a re still with u s today. 
3 
It was in the 1930's the Italian engineer and architec t Pier Luigi 
Nervi created, what we today call FERROCEl\tENT. He built several 
boats and r oofs for halls, because it was now possible to manufac-
ture constructions of small thiclmess gauge, and thcy could bc for-
med into shapes wanted. In the literature this story has been told 
repeatedly (1, 3, 4). 
The basic idea behind this material is the faet , that concrete can 
undergo large strains in the neighbourhood of the reinforcement, and 
the magnitude of the strains depends on the distribution and the sub-
division of the remforcement throughout the mass of the concrete. 
The advantages of using mesh-reinforced mortar instead of normal 
reinforced concrete is, that you get better mechanical properties and 
better durability. You have a material, which - within certain loading 
limits - behavcs as a homogenous elastic material, and these limits 
are wider than for normal concrete. 
In the foliowing the structure, composition and sevcral properties of 
FERROCEMENT will be described, together with the problems con-
cerning workmanship. Some examples of applications are given. 
4 
STRUCTURE 
FERROCEl\lENT has a structure as shown in figure l. The reinfor-
cement components are layers of woven or welded grids with square 
or hexagonale meshes. For greater thickness and for further 
strengthening, you may have additional remforcement of thicker rods 
in one or two directions. The spaces are filled with mortar, which 
composition shall permit the mortar to penetrate into all voids with-
out difficulties. 
With this structure it is possible to produce relatively thin subjects, 
which can be formed to shells or other curved shapes. You also get 
a material with a tensile strength that is higher than for normal 
reinforced concrete. The ability to resist deformations without crack-
ing is increased, so is the durability. 
COMPOSITION 
As mentioned above FERROCEMENT consists of meshes, rods and 
1nortar. 
l\1eshes 
The reinforcement meshes have normally a width from 5 to 20 mm, 
and a diameter between O. 5 to l. 5 mm. Mostly, the mesh is welded, 
Figure 1: Structure of FERROCEMENT. 
Figure 2: A, welded s qua re mesh. 
B, woven hexagonal mesh. 
D, mesh width. 
d, mesh diameter. 
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B 
but also woven meshes are used, especially if you use hexagonal 
meshes (chicken meshes). Figure 2 shows the two forms of meshes. 
The material is normally duetile o r high-strength steel, and often 
the meshes are galvanized. Also reinforcement of aluminium can be 
u s ed. 
Rods 
The rods are mostly deformed steel with a diameter o! 5 to 15 mm 
and a distance between them from 50 to l 00 mm. 
Mortar 
The mortar consists of cement, water, fine aggregate and sometimes 
admixtures. 
l . The cement ought to be ~rdinary Eortland ~ement (OPC) or a 
~ulphate !:esistant ~ement (SRC) for special purposes. 
2. Water must be from waterworks or from source, where the 
suitability of the water has been t ested. 
3. Fine aggregate must be clean and well-graded, because of the 
water demand. It must not be too coars e. As a rule, the maxi -
100 
90 
80 
70 
-~ 60 
"' :; 50 
Q. 40 
30 
20 
lO 
o ~------+-----~----~------+-~ 
0,14 0,315 0,63 1,25 2,50mm 
Figure 3: Limits for sieve line for aggregate (1). 
mum diameter not must be greater than l J 3 of the mesh width. 
A maximuro size is. 1/8" or 3 mm. 8 to 10% of the material 
should be smaller than 1/20" or 1/8 mm. 
Figure 3 shows the limits of the sieve line for the aggregate, 
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but variations in the interval O. 3 to l. 2 mm can be tolerated (20). 
Too many fine particles (< O. 2 mm) will give a greater water 
demand, and you will have weaker particles. Too many coarse 
particles (> l mm) make the mix harsh, unworkable and affect 
the bond, penetration and compaction. 
4. As admixture s you can use puzzolans to give the mortar better 
workability, plasticisers are used for lowering the water demand 
and nitrite salts are used for corrosion inhibition. !~P~!i~i~_s as 
clay, salt and expanding aggrcgates must be avoided. 
Composition 
The properties of FERROCEMENT depend on the amount of the rem-
forcement and the composition of the mortar. 
Nervi cited, that the remforcement normally weighs about 400-500 
kgjm3 FERROCEMENT. This demand has been further specified, 
7 
and instead a demand is made to the specific surface of the r emtor-
cement S, which is calculated as 
total surface of the remforcement 
S = total volume of the FERROCEI\IENT 
with the dimension length -l. 
The value S is an important parameter in des crip -
tion of mortar with reinforcement. 
As an example the S-value is calculated, if 
if you have W kg reinforcementfm3 FERRO-
CEMENT, consisting of mesh with a diame-
ter of d mm. The total length l in mm is 
calculated as 
2 -9 
n·d ·l·Q·IO /4 W 
and the total surface s is 
where Q = specific weight of the remforce-
ment in kgjm3. 
!f W = 450 kgfm3, d = l mm and Q = 7800 
kg/m3 the S-value is 
S = 230 m - l 
For m ost purposes the value of S varies from !~9-~~ -~<!.<!._l!l_:-!_ 
The S-value can be divided in two: SL and Sy (longitudinal and ver-
tical) as shown in figure 4. 
SL is the specific surface in the longitudinal or loading direction 
and Sy in the vertical direction. The values of SL and Sy are not 
~ - rod 
---
~ r- - me s h 
l 
Figure 4: SL and Sy. 
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equal, when you have further reinforcement with rods placed diffe-
rcntly in slabs. But you always know that 
The total surface of the reinforcement SR is 
where V is the volume of the FERROCEMENT. 
In the mortar the waterfcement ratio w/c should have values between 
O. 35 to O. 40, and the aggregate/cement ratio af c from 1 : 1 to 3:1. 
There should be more than 600 kg cementfm3 FERROCEMENT (5). 
As an example the composition of a mortar with w f c = O. 40 and 
afc = 2:1 is calculated. 
Composition l m3 mortar 
Component kg li tre 
Cement 670 215 
W a ter 270 270 
Fine aggregate 1340 515 
Total 2280 1000 
If you have 450 kg reinforcementjm3 FERROCEMENT, you mayhave 
(l - 450/7800) m 3 mortar 
and the total weight o f l m 3 FERROCEMENT is therefore 
(l-450/7800)x 2280 + 450 kg= 2600 kg/m3 FERROCEMENT 
In this calculation the air-content of the mortar (< 1"/o) is ignored. 
PROPERTIES 
The most important properties are discusse d in the following. They 
can be dividcd into the behaviour of: 
~~ 11111)1111111{11111~~ 
Figure 5: Tensile stress specimen. 
Tensile behaviour 
tension 
compression 
bending 
impact 
fatigue 
dynamics. 
In the following some fundamental aspects o! mechanical behaviours 
are described, and in many cases these aspects can be applied to 
other mechanical tests (14). 
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Figure 5 shows a specimen for tensile stress measuring. If you 
subject it to a stress, you will see, that the tensile behaviour re-
flects that of the steel mesh. !f the reinforcement is made of duetile 
steel, you get large ultimate deformations, is it made of high-
strength steel, it has a smaller ultimate deformation. 
so 9 layers 
40 7 lay.,rs 
30 S layers .., 
Cl 
2 
20 3 layers 
ultomate 
t Iongation 
10 ol ste"l 
u 
o 
o 2 s 6 7 8 9 mm 
elongatoon 
F igure 6: Load-elongation curves. 
l 
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l .lC >. 10 u 
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' l u :.0 l 9 o 
~ l t 3 l 7 .a .., 
l E ø 
~ l " l s c 
2 
o 
0'------+----+----...-1 
o 2 3 s 
•longotion (orb.trory) 
Figure 7: First crack determination. 
Figure 6 shows load-elongation curves by tensile stress. You see, 
that if you increase the volume of steel from l layer to 9 layers, 
you also increase the maximuro l oad, the specimen can carx-y. 
Another int eresting thing is that the ultimate elongation also is in-
c r ea s ed, so tha t it approaches the value of the steel m esh alone 
(point U) . 
lO 
Figure 7 shows a load-elongation curve by tension. You s ee, that at 
a certain load, the . slope of the curve tends to be less than before. 
This point is called the point of first crack, b ecause no cracks were 
seen b efore this point. With further loading the number of cracks 
will increase. 
At failure the number of cracks is increased by increasing the num-
ber of layers. lf you use high-strength steel, the cracks are more 
difficult to see than with duetile steel. If you plot the ultimate load 
of the composite versus the load-carrying capacity of the reinforce-
ment, you get equality as shown in figure 8 . 
In figure 9 the modulus of elasticity is treated. The modulus is plot-
te<! versus the volume fraction of r e inforcement. You see, that the 
modulus depc ntl s on the crack conditions of the concretc. In the un-
c racked stat\! the modulus of elasticity EF, 1 can be pr·edic t ed as 
11 
N 
4000 
~ ·;;; 
&. 
3000 E 
o 
u 
o 
2090 
~ 
" _g .. 1000 o 
.!; 
3 
1000 2000 3000 4000 SOOO N 
load carrying capocity 
of rtintorctmtnt 
Figure 8: tntimate load of composite v e rsus load-carrying capacity 
of reinforcement. 
In the cracked state the modulus o f elasticity EF, 2 c an be predicted 
as 
EF,2 " ERL VL 
where EF,l and EF, 2 
Nhnm' 
8000 
?:-
:~ -~ 6000 
""' -o .. a. 
_E 
o o 
u 
4000 
s .. 
-.~: 
~- 2000 h 
o 
o o. s 
modulus of elasticity of FERROCEMENT in 
the uncracked/ crack ed state. 
modulus of elastic ity of the mortar; the va-
lue is depending on the defree of hardening, 
a. EM"" ka3 "' 2x103a N/mm2 . 
o 
o 
o o 
1.5 2 2.5 
volume fractton of remforcement Vl 
in loading d•rectlon 
o 
3 "J. 
Figur 9: Composite modulus of elastic ity in tens ion. 
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modulus of elasticity in the loading direction 
of the reinforcement = l to 2 x 105 N/mm2. 
= volume fraction o! the rein.forcement in the 
loading direction. 
The analytical formulas give a lower value than the experimental 
facts. You can give foliowing reasons for this: 
l. The effect of transverse remforcement is neglected. 
2. The influence of the mortar is neglected. 
3. The mortar should contribute somewhat even in the cracked state. 
4. Welded mesh gives higher values than woven mesh. An explanation 
of this is, that the mortar starts spalling off and the mesh is 
exposed, when you use woven mesh, where the weaving angle, a, 
calculatcd as 
wire diameter 
a " wire spacing 
is greater than O. l. 
1f you plot the stress at the firet crack versus the volume content 
of steel, you do not get a simple curve; but if you plot the stress 
at !irst crack versus the value of S in the loading direction (SL) 
instead, you get a very simple curve, see- figure 10. 
N/mm l 
8 
i ... 6 
~ 
4 
o .. .. 
! 
;;; 
2 
o 
o. s 1.5 2 2.5 3 cm·• 
specitic surface ot mesh. s, 
Figure 10: Stress at first crack versus SL-value. 
cm 
8 
l 
l 
l o, o w oven mesh 
e ' •• .o.. welded mesh .=!. 6 ' ol<: 'Ci v- '"t> e-v d t. ~ cv O> \ a , 
O> C: ~',,~ lov•rog~ ·n" sl a·-
~g 
>O. 
2 a 111 
~ - - -o 
o 0,5 1,5 2 2,5cm·1 
s l -value 
Figure 11: Experimental values of crack spacing at failure versus 
SL -value and thcoretical curve. 
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For several kinds of steel, you get nearly the same stress at 
first crack with the same value of SL. But the elongation will be 
different. Als o the spacmg o f cracks c an be plotted agamst the SL-
value as shown on figure 11. This figure shows, that the larger the 
surface area the larger the number of cracks and this explams, why 
you have a large elongation at failure with larger surface area. 
The results observed can be comparcd with the theory of crack de-
velopment. If you have a specimen with remforcement and you give 
it a tensile stress, a crack will arise a t a distance l from the end 
(figure 12). lf the tens ile strength o t is reached and the shear stress 
is 't, the distance l is given by 
where d is the diameter of the remforcement ånd A is the cross-
sectional area of the specimen. 
--"(' - 't' O t 
E :r 
L---------~L~--------------~ 
Figure 12: Tensile specimen. 
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You see, that 
l must be the minimum value, because " eannot be greater and the 
distance !! must be the maximuro value, because in this case a new 
crack may arise in the middle of this distance. The average spacing 
lavg will therefore be between l and 21. 
In this 
1 " e ·l • av g 
formula S = 11 • d L A 
• !.._1_ 1
avg TJ SL 
and 'l 
1 < e < 2 
• ~ and therefore 
o t 
As an example e " l, 5 and l) "' l, 6 you can plot lavg versus SL and 
get a very eood correlation with the experimental results (figure 11). 
The average crack-width w can be calculated from the theory. -- avg 
When the stresses of the reinforcement in the cracks are similarly 
great, the total extension of a distance l is 
The average width is therefore 
=e · w =-e-. "R 
wavg l)•SL ER 
where oR and ER are the stress and modulus of elasticity of the 
reinforcement. You can make a further calculation and the formula 
is 
where EM is the modulus of elasticity ot mortar and d is the dia-
meter of the reinforcement. You see, that the greatest value of 
w avg is the value mentioned above. 
Shah (14) has made a few experiments to measure the crack width 
and found that the lower the specific surface, the larger the width. 
15 
Nhnm' 
20 
o 
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Figure 13: Stress-strain diagram at compreasion. 
O, l, 2, 3: "/o reinforcement. 
Compression behaviour 
FERROCEMENT under compression was also studied (13). Compres-
sive stress and modulus of elasticity were measured on specimens 
with the dimensions 3 x 10 x 30 cm. Figure 13 shows graphs for 
stress versus strain in compression. 
You see, that the behaviour under compression is similar to that of 
ordinary reinforced concrete. The ultimate compressive strength 
varies only a little with the steel content. Figure 14 shows, that the 
compressive strength decreases, if the steel content is too high. The 
Nhnm' 
~ 20 
t 
~ .. 15 
.~ .. .. .. a 10 
E 
o ... 
~ 5 
.~ 
3 o 
o 2 3 
stHt content 
Figure 14: Compressive strength versus steel content. 
104 N/mm2 
4 
3 
o ~--------~--~----~~ 
o 2 3 4 .,. 
Figure 15: Modulus of elasticity versus steel content. 
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explanation of this is, that the specimens begin to split due to buek-
ling of the reinforcement. Curve 2 is for reinforcement with a smal-
ler diameter (higher S-value) than curve l. 
The modulus of elasticity in direct compression depends on the steel 
content as shown in figure 15,- compare with the conditions in ten-
sion. You see, that if you increase the diameter of the wire, the 
· modulus is decreased. The expl.anation is as mentioned before: your 
contact surface area is smaller, when you increasc the diameter. 
Curve l and 2 as before. 
Bending behaviour 
Expcriments were made to measure the maximuro bending moment a 
beam can sustain, and the results were compared with the theoreti-
cal results obtained (7). 
The theory is bascd on the faet, that the ultimate moment of r einfor-
ccd concretc bcams depend on th e dimensions, th e compressive pro-
p erties of the concrete and the amount, location and yield characte-
ristics of the steel reinforcement. 
Figure 16 s hows a cross-section of a FEH.ROCEMENT beam, which 
is loaded for bcnding. The ultimate bending moment is reachcd, when 
mortar in the compression zone fails , and the ultimate compression 
17 
load. P 
d; ·I 
o o o 
b 
Figure 16: Stress-strain parametres in bending. 
strain is t m, u O, 0035 to O, 0050. This strain was assumed to be 
the same as that given from a mortar with a compressive strength 
o f a m. The total force P m in the compression zone is therefore, 
when the neutral axis is the distance, a, from top 
P m = a · om · b· a 
and the moment M about neutral axis is 
M = P m • (a - f! . a) 
where a "" O. 70 and f! "' O. 40 can be derived from the stress-strain 
curve. 
Next step is to calculate the strain o! the mesh in the distance d1. 
This strain t si is given from 
di- a 
tsi =-a- tm,u 
and the stress P si is either 
= 0 0,2' i! Es·tsi > 0 0,2' 
Es· tsi' if this value is < o0, 2, or 
Here E
5 
is the modulus of elasticity of the steel and oo, 2 is O, 2~o 
strength of the mesh. 
Third step is to make an equilibrium check. You calculate the two 
sides of this equation 
a ·a c· b· a + t P si A1 (compression) =t P si· Ai (tension) 
18 
p 
t 
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Figure 17: Slab in bending. 
for a given distance, a, and you continue t o calculate until you find 
the value of the distance, a, of the neutral rods, which gives equili-
brium. For this value of, a, you calculate the ultimate bending mo-
ment M 
Experiments show t hat the experiment al values are greater than the 
calculated ones. The ratio of these values are found near l. 2 with 
a standard deviation of O. l. 
An investigation, the purpose of which was to see, whether there 
are differences in the behaviour in bending, if you change the loading 
d irection using hexagonal meshes, is deseribed in {20). Slabs 55 x 
12 x T cm w e re placed as shown in figure 17. The concentrated 
force P and the deflection were measured until failure. 4 slabs were 
tested and the characteristics of the slabs are listed in table l. 
S lab l 2 3 4 
Hexagonal mesh, 9t \>t -<:)-! -<:)-! diameter = O, 65 mm -.. loading direction 
T cm 1. 2 1.0 1.2 1.0 
Resistance mo1nent, cm 3 2.8 2.0 2.8 2.0 
Strength, kg/ cm 
2 150 170 33 47 
Weigth, g 1670 1630 1690 1700 
Steel content, o/o 12.5 13, 0 12.0 12,0 
Table l : Characteristics of slabs. 
19 
12,5 
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Figure 18: Loading force versus deflection. 
The result of the experiroent is shown on figure 18. You see that 
there are great differencies in the failure force P depending on the 
loading direction of the roesh. 
lropact behaviour 
Impact resistance can be roeaaured in different ways. One roethod i s 
deseribed in the following (17). Figure 19 shows the set-up. A spe-
ciroen of FERROCEMENT (F) is fixed vertically and a p enduluro (P) 
is hanging so that, when the penduluro is released, it will hit the 
F 
Figure 19. Impact test. 
20 
F 
H 
c 
Figure 20: Leak-test apparatus. 
specimen in the middle (pos. A). The absorbed energy Eabs can be 
calculated as 
Eabs = W (H 1 - H2) 
where w is the weight o! the pendulum, 
Hl,H2 a re the height before and after the penduluro has hit 
the specimen. 
After each test you can investigate the specimen for cracks, shelling 
etc., and you repcat the test. No easy way was found to describe 
the cracking behaviour related to the energy absorbed. The best way 
was to measure the flow of water through the specimen, when a 
constant value of energy was absorbe d. 
The arrangement for such a tes t is shown on figure 20. The FEREtO-
CEMENT specimen (F) is fixed water-tight in a chamber (C), where 
water is held at a constant pressure (H) on one side of the specimen. 
If you measure the flow of water in a certain time, when a constant 
value of energy is absorbed, you can plot it ·versus the ultimate load 
of the reinforcement. Figure 21 shows such graphes for different 
values of thc specific surface in the loading direction. 
lt is seen, that with finer meshes and stronger reinforcement, you 
get the lowest flow. This is important, w hen you u se FEHROCEMENT 
in boatbuilding, tanks and reservoirs . 
21 
I 2 c. 
l! .. 1,5 .o 
" ,.. 
f l 
1: 
" ~~ 0.5 
:~ 
o 
o 5 IO 15 20 IO'N 
ultimote load ol reinlorcement 
Figure 21: Flow of water versus ductility of steel and specific surface. 
l. low value of SL' 2. high value of SL. 
Fatigue behaviour 
Only a few experiments have been made to measure the fatigue be-
haviour. One investigation is deseribed here (11). Figure 22 shows 
the loading arrangement of a plate 60 x 60 cm. In the direction x 
you give the plat e a pulsating load with a velocity o f l cycle/ second, 
and you measure the number of cycl cs until failure. 
lf you plot the load amplitude = difference between maximuro load and 
minimum load in "/o of the ultimate static load versus the number of 
cycles, you get a decreasing curve, and you can detcrmine the value 
o f the load amplitude, which c an resists e. g. l o6 cycles, se e figure 
23. 
The modulus of elasticity can be calculated from the first load cycle. 
Values about 104 N/mm2 is found with a standard deviation about 
Figure 22: Fatigue test arrangement. 
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Figure 23: Fatigue strength. 
5 x 102 N/mm2. The derreetion of the plate will increase, when the 
number of cycles is increased. 
Dynamic behaviour 
An experiment is mentioned in (10), where a comparison is made 
b etween panels of FERROCEMENT, GLASS FIBRE REINFORCED 
POLYESTER (GFRP) and PLYWOOD subjected to dynamic point loads. 
The condusion was, that at the same unit weight GFRP-panels were 
1nuch strongcr than the other two, and at the same unit price PLY-
WOOD panels were the weakest. Depending on the contcnt and the 
kind of glass fibre, GFRP-panels were sometimes stronger than 
FERROCEMENT panels. 
A shiphull made of GFHP with a thickness of 8 mm and a weight of 
11. 6 kg/ m 
2 
and a shiphull made o f FERHOCEMENT with a thickness 
of 25 mm and a weight of 64 kg/m2 seem to have the same dynarnic 
s trength due to point load. 
DU RABlLIT Y 
Permeability 
FERHOCEl\lENT is a very dense material with a low permeability. 
Gene rally, a low water/ cement ratio and a high cement content will 
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lower the permeability. FERROCEMENT specimens can sustain a 
water pressure , which is 5 to 10 times the water pressure a non-
reinforced mortar can sustain {2). The water absorption should also 
be as low as possible, if you use FERROCEMENT under steady or 
periodical water pressure. You eannot prcvent, that there will be 5 
to 10"/o water .in the mortar {(5):< 5"/o), and it is sametimes necessa ry 
to give steel a proteetion against corrosion. 
Freezing/ thawing 
Generally, FERROCEMENT has a very good resistance against freez-
ing and thawing. Experiments show, that arter more than 150 cycles 
{5 hours a -17°C and 6 hours at +15°C), you could not see cracks 
and other destruetions of thc specimcns. The weight-loss was less 
than l "/o by weight. The permeability w as in practice unehanged {2). 
Corrosion 
Your reinforcement in FERROCEMENT sl10uld be well protected 
against corrosion. The necessity of this proteetion is still an open 
question. Many boats and containers are made without proteetion and 
are in good condition even arter long-time use. You must have a 
greater thickness of the layer of mortar, if you use FERROCEMENT 
with a low S-value. The layer may b e greater than 5 mm down to 
2 mm for high S-values. In interior structures you can permit a 
c r ack width of tip to O. l mm, but only O. 05 mm in exterior con-
structions (2). 
WORKMANSHIP 
In the literature different methods of placing and compacting the 
mortar are described. {2) and {21) give several examples. It is 
interesting to see, that the way you can produce FERROCEMENT 
v a ry from a simple in- s itu easting method {plastering) to highly 
mechanized processes as vi bro-bending or vibro-pressing. Vibro-
bending is a mcthod, where the shape is formed arter vibration of 
the mortar down the mesh. Vibro-pressing is a method, where the 
mortar is vibrated and pressed down in the mesh, which is fb:ed 
Figure 24: Loading arrangement for bending test. 
below the mortar supplier. The method is much used and it is the 
easiest way of centrolling the p roduct. 
Compacting 
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In the Uterature no comparison of test results is made from investi-
gations, where you have different placing and compacting methods. 
To illustrate this same experimcnts have been made in the labora-
tory. Three slabs {30 x 70 x 4 cm) were made with a 4 layer chicken -
mes h and 2 rods in the loading direction. The loading arrangement 
is s hown in figure 24. D = 45 cm, d = 20 cm. 
All 3 slabs were made af a mixture af Thames Valley sand, down 
1/8" with a waterjccment ratio = O. 37 and an aggregate/cement 
ratio = 2:1. The slabs wcre compacled as follows: 
Slab A· 
Slab B: 
Slab C: 
Fully compacted by vibration an table. 
Applied in usual plastering ways. 
Applied by hand. 
Also cubes were compacted in the ways mentioned. All the concrete 
were cured wet at 55°C for 3 days. The slabs were tested by mea-
su ring the load and the dcflection, and figure 25 shows the obtained 
curves and the cube strengths. 
The condusion i s , that with better compaction, you get higher de-
nec tion values and higher failure strength. The same applies to cube 
B and C, but there are great differencies in the hvo slabs. Compact-
~ i s an important parameter, when you wish to obtain good results 
with FErtROCEMENT as for concrete as well. 
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Figure 25: Load-deflection curves by bending. 
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66,4 N/mmt 
65. 2 N/mmt 
55,6 N/mmt 
50,4 N/mmt 
54.4 Nlmm1 
49.2 Nlmm• 
mm 
Generally, mortar o r concrete must be cured well to get highest 
possible strength. FERROCEMENT is often used in .relative thin sub-
jects and there is a danger of drying out the mortar. Normally the 
speelmen must be kept wet in at least 7 days for OPC at ambient 
summer temperatures. If the curing is not sufficient, you get shrink-
age cracks in the mortar with possibilities of exposing the reinforce-
ment to air (6). 
Cos t 
As an e xample table 2 gives the specifications and prices for two 
boats (20). 
Working time 
The approximate working hours for building and easting of hulls are 
shown below (20). 
Length, m 
8 
10 
12 
14 
16 
Working time, h 
200 
650 
1000 
1500 
1800 
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9 m yacht 10 m fishing boat 
Mesh 6 layers, 12 mm O welded mesh, O. 9 mm dia. 
Rods, along- s hip s 6mm o. 50 mm distance 
Rods, across- ships none 4mm0. lOOmm distance 
Thickness, mm 17 20 
Weight, kg/m
2 
56 66 
Cos t, Dkrfm
2 
55 62 
C ost, Dkr/kg l l 
Prices in 197 4 value. :e l = 13 Dkr. 
Table 2. Comparison of 2 boats. 
FIELOS of APPLICATIONS 
FERROCEI'I'IENT has many different fields of applications. One of 
its first uses was for l>oats, which is deseribed in the Uterature 
(1, 2, 4). A FERROCEMENT hull has many advantages compared t o 
a hull made from steel, wood or fibre glass. For boats with a 
length from 10 to 40 m 
l. the construction-cost is 2/3 of the cost fo r wood, 
2. the ilnpact resistance is the best for FERROCEMENT, because 
of the abscen ce of notch and fragile fracture, and you have 
no water penetration , 
3. the repair is easy, 
4 . the weight is nearly the same as for fibre glass, and not so 
high as s teel or wood for bigger hulls, 
5. the fire rcsistance of HEINFORCEMENT is good, 
6. the m aintenance is at a minimum, and FERROCEMENT is 
rot and borer resistant, 
7. the inside spaces are greate r, because of the abscence of 
frames in FERROCEMENT, 
8. the vibration is smaller and the noise from the water is less, 
9. the coefficient of heat conduetion of FERltOCEMENT is 1/6 
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of the value of steel, which means that inside the boat it is 
warm in winter and cold in summer, 
10. the hull is going to be stronger with time, because of the 
hardening of the cement. 
FERROCEME!I{T used for boats and other watertight subjects as tanks, 
siloes and pipelines shall have a composition with a relatively high 
S-value, e. g. S higher than 250 m -l. For building constructions: 
roof-, wall- and fioor elements the S-value can be lower. Instruc-
tions for calculations of FERROCEMENT constructions are given in 
(2). 
FERROCEMENT is used for food-storage and food-processing equip-
ment and low-cost roofing (3) , and FERROCEMENT has some appli-
cations in lining o f mining shafts and tunnels (21). An interesting 
application is the use of FERROCEMENT for v essels and lines for 
transporting liquid natura! gases. The temperature of these ga~es 
(- 160°C) gives pt·oblems in selecting materiais for containers, etc. 
Ordinary steel bccomes brittie and alloy steel is t oo expcnsive. 
The properties of FERROCEMENT has becn studied. In tension the 
fracture strength is increased (15o/o) and the ultimate elongation is 
decreased (24o/o) at low t emperature (- l !J5°C) in comparison with 
room temperature (14). 
CONCLUSION 
FERROCEMENT is a building material, which consists of mortar 
with a remforcement of meshes and rods. It can be compacted and 
formed in thin shapes for use in boats, roofs, shells and other 
curve-shaped subjects. · 
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The material is deseribed in this report. The structure and the com-
position o! the material is treated. Of the properties the tensile be-
haviour is treated in detail and many of the characteristic phenomena, 
which you have here might in many cases apply to the other mecha-
nical p ropertie s: strength-relationsbips to wire diameter and wire 
amount, crack width and crack spacing. FERROCEMENT in compres-
sion, bending, impact and dynamics are also treated. The durability 
conditions are mentioned. Finally problems in practice are treated, 
and Iields of applications are briefly referred. 
The purpose os this report - a literature study of FERROCEMENT -
is now completed. The interesting field pertaining to the design 
possibilities is not studied here. The report gives a background for 
further study of the material, especially for use in the building 
sector. 
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